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The soils of Missouri form the most important source of the 
State·s wealth. Upon tlieir continued prudl1ctiveness will depend in 
large measure, the future welfare of the people. If they are main-
tained in fertility, the coming generations will be prosperous; if they 
are depleted by unwise systems of soil management it will bring 
disaster to great numbers of people. Unfortunately, the present 
methods of soil management are not maintaining the fertility. They 
are exhausting it. The methods being fdlowed are for the most 
part th08e suited to a region with virgin soils where the purpose of 
the farmer is to get a crop regardless of the effect upon the .soi1. 
Such nev.' soils produce abundantly for many years because of the 
large quantities of readily available plant food stored in them, but 
excessive cropping to grain, especially when this grain is removed from 
the land, robs the soil of this available plant food and steadily 
diminishes its productiveness. Most Mis30uri soils are today showing 
the effects of just such a system. Excessive cropping to corn and 
other grain crops has so depleted the soil cf available plant food that 
the difficulty with which maximum crops Clre produced is greatly in-
creased. In other words, we are still following a destructive system 
of agriculture in large part, and the natural productiveness of our 
soils is decreasing. 
It is of course true that many men who are practicing proper sys-
tems of crop rotation and animal feeding are maintaining the fertility 
of the soil and in some instances they are 'increasing it, but these men 
are few in comparison with the number whose soils are diminishing in 
productiveness. This decrease in fertility is somewhat obscured by 
the fact that improved agricultural implem(!nts allow of better methods 
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of soil tillage than was formerly possible a~d this gives an appre-
ciable return in increased yields. But improved implements of til-
lage simply enable a man to deplete the soil in fertility more rapidly 
unless something is done to maintain it. 
The importance of giving attention to maintaining fertility is 
intensified by the increasing value of farm lands. 'Within a decade 
many farms have doubled in value while their productive capacity 
has in most cases decreased. Such conditions cannot continue. In-
creasing land values require greater returns per acre if agriculture 
is to continue profitable. It is of course true that the prices of farm 
products have increased in recent years but this very fact proves that 
there is no longer an over production. The cost of farm labor has in-
creased also, which materially offsets the increased crop values. More-
over, with our rapidly increasing population we cannot depend upon 
increasing crop values to maintain profits. There is but one solution 
of the problem and that lies in an increased acre production. 
The present average yield of wheat in the United States is ap-
proximately 130 bushels per acre and of corn 26 bushels per acre. 
In Missouri the yields are approximately 13 and 29 bushels respect-
ively. In England the average yield of wheat is 31 bushels per acre, 
in Germany 26 bushels, and in France 19 bushels. This difference 
is not due to the fact that the lands are naturally more fertile, but 
almost entirely to better methods of soil handling and soil preserva-
tion. The United States is a comparatively new country and the 
people have not yet learned the principles of intensive soil culture. 
\Vith the rapidly changing conditions, however, the time is upon us 
when other methods must supplant those that are being followed if 
the people are to remain permanently prosperous. Among these, the 
methods of handling soils to increase and maintain their fertility are 
of primary importance, and it is the purpose of this circular to outline 
in as simple and as direct a manner as possible, the principles under-
lying these methods. 
OOMPOSITION OF THE SOIL. 
Soil is composed of finely pulverize,j rock material or mineral 
grains through which is mixed varying '\100unts of organic matter 
or vegetable matter, popularly termed "humus." These mineral grains 
are necessarily very variable in nature and in composition, their char-
acter depending upon the rock or rocks from which the soil was 
formed. It is from these mineral grains as they very slowly dissolve 
under the influence of various agencies of weather, etc., that the min-
eraI foods are derived which are used by plants in their growth. 
The plant foods necessary to the growth of crops are usually 
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spoken of as the elements of plant food. Those coming from the soil 
proper are seven in number, and are as follows: 
Nitrogen, sometimes referred to in the form of ammonia. 
Phosphorus, sometimes referred to in the form of phosphoric 
acid or phosphates. 
Potassium, sometimes referred to in tl'.e form of potash. 
Calcium, sometimes referred to in the form of lime. 
Magnesium; sometimes referred to in the form of magnesia. 
Iron. 
Snlphur. 
Of these seven elements the nitrogen is found in the humus or 
orgallic rnatter of the soil. The other six are found mainly in the 
mineral grains, only a small part being fonnd in the organic matter. 
Of these seven elements all are usnally abnndant in soils excepting 
nitrogen, phosphorus, and potassium. It is to these three, therefore, 
that attention is usn ally confined in the problem of maintaining fer-
tility. Calcium (lime) is occasionally needed in soils but usually as a 
corrective of soil acidity, rather than as a plant food. 
AVAILABLE AND UNAVAILABLE PLANT FOOD. 
Plants take up these mineral plant foods only in solution in the 
soil water. In other words the mineral grains in which the bulk of 
this plant food is locked up must gradually dissolve and give to the 
soil water these materials in solution if they are to be absorbed by 
the plant roots. This means that there exists in the soil first, what 
is termed unavailable plant food, or that existing in these mineral 
grains and in the humus in more or less insoluble form; and, second, 
available plant food or that which is gradually dissolved from this 
rather insoluble supply. The larger part of the mineral plant foods 
in all soils exists in this unavailable form and since the dissolving 
action goes on very slowly there is in most soils only a very small 
part of the total supply that is soluble or available at anyone time. 
The problem of the farmer is therefore to keep within: the soil suffi-
cient soluble nitrogen, phosphorus and potas5ium for maximum yields. 
There are certain agencies which aid in making available the in-
soluble plant food of a soil, the most important being the action of 
decaying humus. When humus decays, certain organic acids are set 
free, which, as they are taken up by the soil moisture, enable it to 
dissolve this mineral plant food more rapidly. Other agencies have 
a place in this action but it is to the presence of considerable quantities 
of decaying humlls that the larger part of this dissolving action is 
due. Considerable quantities of plant food are also fixed within the 
humus itself and as it decays these are made soluble. These two 
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factors are in la rge l11 easnre r esponsible for th e g reat p roductiveness 
of virgin soil s containing la rge amounts of h umus, as well as fo r the 
very benefi cial effects of adding humus to a worn soil. 
THE HUMUS OF SOILS. 
The fact that the supply of avai lab le plant food in a soil is largely 
determin ed by th e quantity of humus present g ives to this constituent 
of so ils a very great impor tance. Mo reover, there are various other 
ways in which humL1 S acts benefic ially, such as in preserving a friabl e 
condition of the soil , in conserving moisture and in preventi ng washing. 
Humus is almos t inva riably associa ted with fertility. It is to the 
presence of humu s that th e dark color in soils is usuall y due and a 
dark color is almost always indi cative of ;1 fert il e soil. 
Cut 1. Cowpeas grown for soil improvement on the Monroe City Soil 
Experim ent Field. These peas when pastured off, or especially 
when turn ed under, add large quantiti es of nltrogen and humus to 
the soil. 
Unfortunately, the humus supply may be rapidly reduced in a 
so il by exhaustive sys tems of cropping. Th e continued culture of 
any crop which necessitates a considerable stirring of the soil, such 
as corn, or in a lesse r deg ree small grain, will rapidly reduce the 
humus supply. \ i\Then a so il is stirred frequently the conditions are most 
favorable for a rapid decay of the humus. Naturally in tbis decay 
considerable quantiti es of plant fooel are set free and this is one 
of the immedia te benefit s fr0111 cultiv a ting corn, but when this prac-
tice is continued year after year on the same land the supply of humus 
ultimately becomes so low as to reeluce the productiveness below a 
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profitable basis. It is of course true that the constant removal of crops 
from the land removes large quantities of immediately available plant 
food and this has much to do with the decreasing productiveness of 
such soils, but the most important reason for this condition is the 
reduced humus supply which lessens the :>.vailable plant food, allows 
the soil to become hard and compact and increases the amount of 
surface washing. One of the most disastrous effects of a decreased 
humus supply is this tendency to wash. Missouri farmers must learn 
the methods of maintaining humus and of reducing washing if their 
soils are to remain permanently fertile; 
LOSS OF MINERAL PLANT FOODS. 
As has already been mentioned, the loss of immediately available 
mineral plant foods where crops are sold from the land, is one of the 
important causes of a decreased productiveness. The table which 
follows shows the amounts of nitrogen, phosphorus and potassium 
contained in the most important crops grown in Missouri and it indi-
cates the amounts of these mineral elements that are lost to the soil 
when these crops are removed from the lanel. The columns on the 
right show the value of these various quantities of plant food figured 
at the cost of these elements in the form of commercial fertilizers. 
This does not mean that the land is decreased in value by the amounts 
given, but rather that if it were necessary to purchase the plant foods 
at prevailing prices it would be necessary to invest these amounts to 
supply the elements the crops remove. 
FERTILITY REMOVED BY FARM CROPS. 
Pound •. Vullle. 
~ ____ ~"-___ -.. ___ ~ __ .J.-_____ ~ 
Kind. Amount. Nitro- Phos- Potns- Nltro- Phos- Potns- Total 
gen. phorus. sium. gen. phorus. slum. Value. 
Corn, grain 75 bu ....... 75· 13·75 14· $11.25 $1.64 $0.84 $13·73 
Corn, stover 2.25 T ..... 36. 4·5 39· 5.40 0·54 2·34 8.28 
Corn. Total crop ...... I II. 18.25 53· 16.65 2.18 3.18 22'.01 
Oats, grain 60 bu ....... 36. 6. 7· 5-40 0.72 0.42 6·54 
Oats, straw 1.6 T ....... 19· 2·5 32.0 2.85 0.30 1.92 5.0 7 
Oats. Total crop ...... 55· 8·5 39· 8.25 1.02 2·34 11.61 
Wheat, grain 30 bu ..... 35· 4·5 8. 5·35 ·54 0·48 6·37 
Wheat, straw 1.5 T ..... 14· 3· 25· 2.20 ·36 !.So 4.06 
Wheat. Total crop .... 49· 7·5 33· 7·55 .90 1.98 IO-43 
Timothy, 1.5 T . ........ . 36. 4·5 35· 5·40 0·54 2.10 8.04 
Clover, 2' T. . .......... . 80. IO . 60. 12.00 1.20 3.60 16.80 
Cowpea Hay, 2 T. .... 93· 9· 63· 13·95 1.08 3.78 18.81 
Alfalfa, 6 T ............ 300. 27· 144· 45.00 3.24 8.64 56.88 
Fat Cattle, 1,000 lbs. 25· 7· 1. 3·75 0.84 0.06 4.65 
Fat Hogs, 1,000 lbs. .... 18. 3· 1. 2.70 .36 0.06 3.12 
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It will be seen by the table that to produce a 75 bushel corn crop 
there will be removed from the soil, I I I pounds of nitrogen, 181,4 
pounds of phosphorus and 53 pounds of potassium and it should be 
remembered that these amounts are necessary in approximately these 
proportions. If the soil is in such a condition that only half of the 
phosphorus, for instance. will be available for a crop in any given 
season only half a crop will be secured and if there is sufficient phos-
phorus available for two-thirds of a crop, two-thirds of a crop is all 
that can be harvested. The same rule would hold for the other ele-
ments also, so that the necessity for a balanced food supply is therefore 
emphasized. 
It will be noticed further that the legume crops such as clover, 
cowpeas and alfalfa remove very large quantities of nitrogen, but these 
crops have the power of fixing the free nitrogen gas from the air 
through the action of the bacteria within the nodules on their roots, 
so that the larger part of this nitrogen indicated comes from the 
air rather than from the soil. As a matter of fact, the nitrogen sup-
l)ly of the soil is increased rather than decreased, by growing these 
legume crops, especially where they are all or in part, fed back on the 
land. 
THE COMPOSITION OF MISSOURI SOILS. 
Analyses which the Missouri Experiment Station has made of 
the various soils of Missouri indicate their most striking deficiencies. 
The table which follows shows the amounts of nitrogen, phosphorus 
and potassium contained in the top 7 inches of an acre (the plow soil) 
of typical Missouri soils as compared with a very fertile soil as stand-
ard. This standard has been secured by averaging the analyses of a 
large number of the most fertile soils of the United States and Europe. 
COMPOSITION OF TYPICAL MISSOURI SOILS. 
(Pounds of elements contained in the top 7 inches of an acre of soil.) 
Nitrogen Phosphorus Potassium 
SOIL. lbs. Ibs. lbs. 
A very fertile soil ............................ 6000 
Northeast Missouri Level Prairie (Monroe City) .3020 
Northeast Missouri Rolling Prairie (Unionville) .4140 
Northwest Missouri Rolling Prairie (Maryville). 5440 
Missouri River Bottom (Malta Bend) ......... ·3I40 
Timber Soil North Missouri (Truesdale) ... " ., . 1240 
Southwest J\Essouri Prairie (Adrian) .......... 2840 
Southwest Missouri Level Prairie (Lamar) .... 2480 
Southwest Missouri Rolling Limestone Soil 
(Billings) . . ............................ 2020 
Ozark Upland (Dixon) ....................... 1680 
Ozark Upland (Salem) ...................... II40 
Southeast Missouri RollingJ1pland (Victoria) .. ·1460 
2000 
628 
785 
1230 
1590 
440 
698 
445 
427 
400 
290 
453 
5300 
5578 
6706 
10700 
12530 
5660 
5080 
3835 
4814 
3569 
2590 
45fu 
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As will be seen from this table :Missouri soil s as a class are 
lacking particularly in nitrogen and phosphorus. A low nitrogen sup-
ply means also a low humus supply since the nitrogen of soils is 
containeci within the humus. The potassium supply and in most cases 
the supply of calcium (lime) is comparatively high. Potassium is 
almost invariably associated with clay and the other fine particles of 
soils so that the clayish natu re of a large share of Missouri soils 
indic"tes rather a large potass ium supply. Tn fac t a number of so il 
types, particularly a consicJerable part of the prairies of North Mis· 
souri ancl the so-call ed "loess" soi l of the cen tral and western part of 
the state, in the counties bordering the :Missouri River, contain this 
element somewhat in excess of th e stallclard . The soil s of South 
Missouri, particularly those of a stony or of a sanely character, con-· 
tain this element in less amoun ts, although even here it is in much 
greater ab undance than the ni trogen and phosphorus. 
Cut 2. Cowpeas grown ill the corn at the Victoria Soil Experiment Field. 
Cowpeas sown in the corn at the last cultivation give a large 
qu.antit.y of pasturage for sheep or hogs and add much nitrogen 
and humus to the soil. It will frequently pay a man to sow 
cowpens in this way and allow them to fall down to be plowed 
under Simply for their benefit to the land. 
The lime content of most Missouri soils is sufficient, although 
there are very large areas, particularly the level wet prairies both 
of Southwest anc! Northeast Missouri, where I ime carbonate is some-
what deficient. Since the fertility of a soil depends more upon the 
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supply of lime in the form of carbonate, than upon the total supply 
of lime, these wet prairies as well as a considerable area of the high 
ridges in South Missouri will be benefited by liming. 
The cause of the low content of humus and nitrogen in most 
Missouri soils has already been indicated as due to an excess of grain 
farming. This is not necessarily true in the eroded stony lands of 
certain sections of the Ozark Region since in this case the dry nature 
of the soil itself, coupled with the erosion, prevents the accumu-
lation of vegetable matter in any quantity. Where soils are dry the 
vegetable matter oxidizes rapidly and only small amounts will ac-
cumulate. 
The low phosphorus supply in most Missouri soils is due primarily 
to a natural deficiency of this elemen.t in the rocks from which the 
soils were formed and from the loss of this element in the process of 
soil formation. It is of course true that the exhaustive grain farming 
that has been followed is responsible for the removal of considerable 
quantities of this element but this loss is by no means the most im-
portant catlse for the deficiency that exists. 
THE VALUE OF SOIL ANALYSIS. 
It would be expected at first thought that if one knew the quan-
tities of the various elements of plant food existing within the soil, 
together with the quantities of these elements required for the pro-
ductionofa given crop, it would be a simple matter to determine not 
only the kind but the amount of commercial fertilizer to apply to 
produce a desired yield. Such a course of reasoning does not take 
into account the fact that a large part of the plant food shown to 
be present by the analysis exists in an insoluble form and that only 
a very small per cent of this is soluble or available at any given time. 
It does not consider either that the amount that is available is very 
variable, and that it depends not only upon the total amount of the~e 
elements present, but also upon the quantity of humus present, the 
season, the" way the soil is handled and upon a number of other 
factors only partially within the farmer's control. It is true that 
there are methods of analysis which will show approximately the 
amounts of these elements that are soluble, at any given time, but 
since this amount is so variable and the method of analysis so labo-
rious it is practically out of the question to make use of them. 
It will therefore be seen that the matter of soil analysis has certain 
limitations and that individual analysis will mean but little to 
the average farmer. This is particularly true since the method 
by which the sample for analysis is taken may be very in-
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accurate unless one has had experience in taking soil samples for 
this purpose. 
For these various reasons as well as for the reason that this 
analytical work is very expensive, the Experiment Station is com-
pelled to refuse to make soil analysis for individuals. Moreover, the 
regular work of the State Soil Survey which is being carried on as 
rapidly as means will permit, includes the systematic sampling and 
analyzing of all the soils of the state. Analyses have already been 
made which include all the more important soil areas and these re-
sults will soon be available. 
It must not be unde-stood from the foregoing, that soil analysis 
is of little value. On tLc other hand it is of great value. While it 
does not show with great definiteness the exact fertilizer treatment 
demanded on any given season to produce a given yield of wheat for 
instance, it does show the elements in which a soil is lacking, as well 
as those which are abundant, and it indicates the system of farm 
practice which one should adopt to make a soil permanently product-
ive. It shows for instance that if phosphorus is very deficient, a 
system of farming must be adopted which will continually build up 
the phosphorus supply if the soil is to be made most fertile. This, 
after all, is really more important so far as the permanent effect upon 
the soil is concerned than it is to know the exact amount of fertilizer 
to apply on any given season. It is true that the total amounts of 
plant foods present as shown by the analysis do bear a fairly close 
relationship to the average amounts of these elements that will be 
made available {rom year to year. For instance if the analysis shows 
a striking deficiency of phosphorus it will usually happen that the 
amount of available phosphorus will be deficient also, although if the 
humus supply is large the action of this dec<;l.ying humus upon even 
the comparatively small amount of phosphorus present may make 
sufficient available for an abundant crop. As a matter of fact, any 
so-called "worn out" land of Missouri today is non-productive, not 
because it is deficient in total plant food, but because with the low 
supply of humus present there is not sufficient available plant food set 
free to give remunerative yields. 'iVhen this land is again built up 
in humus the yields will be almost, if not quite, as great as they were 
originally. This does not mean that one can continually remove crops 
from the land and merely by keeping up the humus keep these lands 
permanently fertile, since the effect of this drain of plant food would 
sooner or later be felt, but it means rather that the total supply of 
plant food, even of phosphorus in our soils is large enough to give 
abundant retilrns for a considerable time if it can be made available. 
The present difficulty is, that with the humus supply low, and with 
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some of the elements, particularly phospborus, also low, the supply 
that is made available from year to year is insufficient for maximum 
crops except under very favorable circumstances. 
HOW FERTILITY IS MAINTAINED. 
The maintaining of the productiveness of a soil means that there 
shall be preserved within the soil sufficient quantities of soluble plant 
food of the various kinds to produce maximum crops. To do this 
it is not only necessary to maintain a large humus supply but the 
soil must be kept in a good physical condi~::.;n and if it is to remain 
permanently fertile the total supplies of the various elements must 
be maintained. V·/e should therefore distinguish between what might 
be termed a temporary system of agriculture in which the available 
plant food gradually decreases, and a permanent system of agriculture 
or that in which the available food shall be indefinitely maintained. 
The latter point of view is the proper one for the man who owns 
a farm of fair size, free of indebtedness. The former may be better 
for the renter or the man who is just beginning and who must pay 
for his land as well as support a family. It is perfectly proper for 
a man to farm land hard until he gets started if this is necessary, but 
he should not form the habit; and just as soon as possible he should 
begin building up this land again so as to put it into as good or better 
condition than he found it. The man with the greatest knowledge 
and business ability can pay for land and build it up at the same 
time, providing misfortune does not befall him. 
HOW HUMUS IS MAINTAINED OR BUILT UP IN THE SOIL. 
Since humus may be so rapidly removed from a soil by exhaustive 
cropping it is highly important that a means be provided for replac-
ing it. The first essential to the maintaining of the humus is the 
adoption of a crop rotation which shall include legume crops. Even 
a small grain alternated with corn will maintain the humus much 
longer than where corn is grown continuously, and where a legume 
crop such as clover is introduced, the supply of humus is much bet-
ter maintained. The following tables showing the results of rotation 
experiments at the lvIissouri and Illinois Experiment Stations illus-
trate this point: 
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EXPERIMENTS IN CROP ROTATION-CIRCULAR NO. 96, ILLINOIS EXPERI-
MENT STATION. 
Rotation Present yield of corn 
Corn-28 years ............ . ............ . .. 22 bushels per acre 
Corn, oats-28 years ... .. ...... . .. . ......... 36 bushels per acre 
Corn, oats, clover-28 years . . . . . . . . . . . . . . . . .. 59 bushels per acre 
Pasture-I8 years; corn, oats, clover-ro years .. 74 bushels per acre 
(All results are for the year 1904 except No. 1.) 
EXPERIMENTS IN CROP ROTATION-MISSOURI EXPERIMENT STATION. 
Rotation Yield of corn, 1905 
Corn-I 7 years .. ..... . ...... . ........ .. . 11.8 bushels per acre 
Corn, wheat, clover-I7 years ...... . ....... 50.7 bushels per acre 
Corn, oats, wheat, clover, timothY-I7 years .. 54.2 bushels per acre 
Corn, wheat, clover (manured)-I7 years ... , 77.6 bushels per acre 
In the results from the Illinois Station it will be seen that where 
corn has been grown for 28 years continuously the yield is now aver-
aging 22 bushels per acre, while where corn has been alternated with 
oats the yield is 36 bushels per acre. The reason for the larger yield 
under corn and oats is largely due first, to the fact that a crop of 
oats is not so exhaustive of humus as corn since it is not cultivateo. 
and since a greater or less quantity of weeds usually grows up in 
the stubble and falls down to add humus. Then the rotation helps 
to keep in control certain injurious insects and probably to keep the 
soil in a more sanitary condition. 
Where the rotation is one of corn, oats and clover, the yield 
is still higher, averaging now on those years when the land is in 
corn, 59 bushels per acre. This increase is clue partially to the fact 
that corn is cultivated but one year in three, thus stilI better maintain-
ing the supply of humus, and to the fact that clover, a humus and 
nitrogen building crop is inserted. 
In the experiments from the Missouri Station it will be seen 
that while the rotations were different from those in Illinois, the same 
general principles hold. The natural fertility of the land on which 
these experiments were conducted is appreciably less than the Illi-
nois land thus giving uniformly smaller yields. Where corn has been 
grown for 17 years continuously without manure, the yield has been 
reduced to Ir.8 bushels per acre. Where the land has been simply 
rotated to corn, wheat, clover, the yield stands at 50.7 bushels per 
acre, where the rotation has been corn, oats, wheat, clover, timothy, 
the yield is 54.2 bushels per acre, and where manure has been added 
in a corn, wheat, clover rotation the yield is 77.6 bushels per acre. 
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No more striking results of the effect of crop rotation could 
be found and there is little doubt that the most important cause for 
this increased yield is in the fact that the humus supply and therefore 
the supply of available plant food has been more nearly maintained 
in the rotated or manured plots. A striking difference in the color 
of the soil of the two plots at the Missouri Station where corn 
has been grown continuously both with and without manure is notice-
able. The unmanured plot is much lighter in color and much less 
friable, thus showing very clearly its lack of humus as compared with 
the one beside it. It must not be understood from this that a crop 
rotation alone will maintain fertility for it will not. This is only the 
first essential. Legume growing and manuring form an exceedingly 
important part of the plan. 
THE IMPORTANCE OF LEGUMES IN MAINTAINING 
HUMUS. 
It is not only beneficial to rotate crops in maintaining the humus 
supply of a soil but the rotation must contain legume crops such as 
clovers and cowpeas if the humus is to be entirely maintained. These 
crops have the power of making use of the free nitrogen gas of the 
air in their growth thus obviating the necessity of using any great 
quantity of the supply in the soil. They are usually known as "humus 
building" crops because in order to build up humus in a soil nitrogen 
is necessary, and these plants have the ability to secure it from the 
air, thus not depending upon the soil nitrogen for making the vege-
table matter of which they are composed. If these crops are removed 
from the land, however, the actual humus added to the soil is small, 
although since the land is not stirred when these crops are on the 
ground they tend to maintain it. To build up humus rapidly in a soil, 
it is necessary that these crops be pastured or fed and the manure 
returned, or better still, that occasional crops be turned under. This 
indicates another feature in the maintaining of humus in the soil and 
that is the return to the lanel of the manure produced, not only from 
legumes but from grain crops as well. Manure is mostly humic 
material and while it returns only about half the humus contained 
in the crops fed, due to the digestive action of the animals upon this 
feed, it means a saving of this to the land. 
It can readily be seen therefore, that to maintain the humus of a 
soil absolutely, and especially if the humus is to be built up, it is 
necessary to make wide use of legume crops to be pastured, or even 
occasionally turned under, unless feed or manure is to be brought 
in from sources outside one's farm. For the grain farmer who makes 
little manure and who sells the bulk of his crops from the land, resort 
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must be had to the turni ng under of legume crops if the humus supply 
is to be maintaincd. It is perfectly possible to use g reen manure 
crops in thi s way in gra in farming with good profits, but humus 
is usually most easil y main tained by th c ave rage man through the 
feeding hack of a large part of the roughage ancl grains grown. 
Cut 3. Cowpeas sown with th e corn at the time the corn is planted. 
Peas sown in this way make 1110re pods as a rule andure especially 
valuable for hog pasture. The land is greatly benefited where 
cowpeas are used in this way and much valuable feed is secured 
in addition. 
THE NITROG EN SUPPLY. 
Since a low nitrogen supply usually accompanies a low humus 
supp'!y, the main taining of the humus usually means the maintain-
ing of the nitrogen, and as already indicated, this is most readily 
done through the use of legumes. The fixation of free nitrogen gas 
fr0111 the air by the bacteria within the nodules on the roots of legumes 
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provides the most ready means of supplying this element to the soil. 
Farmers are all familiar with the so-called fertilizing effect of clover 
and this is due to the large amount of readily available nitrogen left 
within the roots of the clover to be used by crops following. It must 
not be understood, however, that the growing of legumes and remov-
ing them from the land will permanently maintain the nitrogen sup-
ply, for it will not. Approximately, two-thirds of the nitrogen ·con-
tained in a clover plant is in the tops and when the hay crop is ~ 
removed this is lost to the soil. 
In ordinary soils only about two-thirds of the nitrogen supply 
of a clover plant comes from the air, the other third coming from 
the soil, so that when the tops are removed as hay, one is removing 
just about the proportion of nitrogen that came from the air, leaving 
in the root and stubble just about the amount that was taken from 
the soil. In taking off a clover crop, therefore, one is not building 
up the soil to any extent in nitrogen but about maintaining it. The 
great stimulation that comes to a crop following clover stubble is due 
to the fact that the clover leaves within the soil practically the same 
amount of nitrogen that was present when the clover began growth 
and that this is left partially in the roots of the clover in a form 
readily made available. Naturally the immediate effect of this is 
striking and it appears as if the soils were being greatly built up. 
The effect of growing clover and removing it may give excellent 
results for a great many years but the time will finally come when 
this will cease to have its effect if the crop is entirely removed from 
the soil. This has been true in the East and it will be true in Mis-
souri if the same practice is followed. The only means of maintain-
ing the nitrogen supply absolutely in a soil is by growing legumes 
and feeding them back, pasturing them off or occasionally turning a 
crop under. Through such means a man can be absolutely independent 
of the fertilizer dealer so far as nitrogen is concerned and this is 
far more economical for the general farmer than the plan of buying 
nitrogen in commercial form. A man can put nitrogen into his soil 
through legumes at a cost of from 3 to 6 cents a pound while if. he 
bought the nitrogen commercially it would cost IS to 18 cents per 
pound. The truck grower is the only farmer who can afford to use 
any considerable amount of commercial nitrogen. 
The feeding of crops back on the land is a very important means 
of maintaining the nitrogen supply as well as the supply of other 
elements. The nitrogen supply of manure is one of its most im-
portant constituents. The following table shows in brief form the 
amount of nitrogen, phosphorus and potassium recovered in the ma-
nure from some of the more important crops. 
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FERTILIZING MATERIALS RETURNED IN FARM MANURE. 
Nitrogen Phosphorus Potassium 
A 75 bushel crop of corn contains- lbs. lbs. lbs. 
In Grain...... .............. 75 13.7 I4 
In Stalk .. ................... 36 4.5 19 
Total .. . . .............. . III 18.2 33· 
Manure from Grain Returns 
•• 0 0 ••••• 60 IO.2 I I,9 
Manure from Stalk Returns ........ 28.8 3·3 16.1 
Total Returned .. ............ . 88.8 13·5 28.0 
A 60 bushel crop of oats contains-
In Grain ...... ............. . 36 6 7 
In Straw .. ................. . 19 2·5 32 
Total .. ... . ............ . 55 8·5 39 
Manure from Grain Returns ........ 28.8 4·5 5·9 
Manure fro111 Straw Returns ........ 15.2 r.8 27.2 
Total Returned .. .... " ....... 44.0 6·3 33. 1 
A 2 ton crop of clover contains ...... 80 IO 60 
Manure from 2 tons clover returns .. 64 7·5 51 
It will be seen by this table that about 80% of the nitrogen, 
75% of the phosphorus and 85% of the potassium of crops fed is 
returned in the manure. In round numbers this is often given a6 
80% or four-fifths. As a matter of fact, it is rarely possible in prac-
tice to recover these amounts as there is always more or less loss in 
handling. Under an ideal system of manure saving these percentages 
could be recovered, but practically the general figure of 70% saved, 
is nearer the truth and under the careless system too commonly 
followed, it is very much less than this. It must be understood that 
these figures are general, since the amounts of the variolls elements 
returned depend upon the age of the animals fed, upon the character 
and' amount of the ration, upon the kind of animal, and especiaIIy 
upon the method by which the manure is handled. 
THE PHOSPHOR'OS 8UPPL Y. 
, . 
Unfortunately no simple mean,s is ... ~vailab1e of supplying phos-
phorus to soils. as is true in the caseof ,nitrogen. Soils contain cer-
tain definite quantities of this element and when it is removed from 
the soil by crops there is no means of replenishing this supply except 
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by feed ing th e crops and returning the manure, or by buying the 
ph osphoru s in comm ercial form . Morever if: is thi s element, which 
together with nitrogen, is 1110s t strikingly deficient in M issomi soil s. 
Unfortunately, too, th e g ra in of our C01111110n crops contains the largest 
proportion of ph osphorus in the plant, so th at when grain is so ld from 
the farm the soil is being depleted of an element in which it is most 
defici ent. As has already been pointed out, th e loss of total plant food 
from a so il is not th e 1110st immed iate caLI se of unprocluctiveness 
but the continued removal of phosphorus from soils already deficient 
in thi s element will sooner or later have its effect in producing a de-
creased yield. It is th erefore highly importan t that M issouri farmers 
learn the methods of maintainin g not only the avai lable supply but 
th e total supply of thi s element ill th e so il. 
Cut 4. The effect of soil treatment upon clover on the Billings Soil 
Experiment Field. The plot on the right received cowpea-lime-
phosphorus treatment and yielded 3675 pounds of clover per acre. 
The plot on the left r eceived no soil treatment and yielded 1650 
pounds per acre. Note th e comparative height and thickness of 
stand in each case. Phosphates are particularly valuable in in-
creasing clover yields on many Missouri soils where clover has 
begun to fail. 
The feeding back of crops is one of the easiest methods of pre-
venting the loss of excessive quantities of phosphorus frol11 the land, 
but reference to the foregoing table (page 31) on fertilizing con-
stituents recovered ill manure will show that of the three elements, 
phosphorl1s shows the least percentage return. This is due to the 
fact that a considerable per cent of the phosphorus especially in all 
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but mature animals is fixed within the bones of the carcass. Such 
phosphorus comes on the market later as bone meal to be purchased 
by landowners and returned to the soil. In spite of one's best efforts 
to save the phosphorus by feeding the crops on the place, there is 
still an appreciable loss and one which will ultimately be felt unless 
phosphorus is brought on to the land from without, either in the form 
of fertilizer or of purchased feed. Naturally the loss in this case is 
much slower than where the crops are sold and if the humus is 
maintained, many years will elapse before the effect of the slowly 
waning phosphortls supply will be felt. With the low actual content 
of phosphorus in most Missouri soils, coupled with the low humus 
supply for keeping this available, the need for phosphorus is becom-
ing strongly felt over a great deal of Missouri today. It remains 
therefore for the farmer to supply either phosphorus through com-
mercial fertilizers, or to build up the humus supply of his soil. The 
wise farmer will build up the humus supply and in addition he will 
seek to prevent the loss of phosphorus from the land in so far as 
possible. He will also accompany his efforts in this line by the 
return from outside sources, either in feed or commercial phosphates, 
of a sufficient amount of phosphorus to at least balance the loss.' 
THE POTASSIUM SUPPLY. 
The potassium supply like that of phosphorus is found in the 
mineral grains of the soil, particularly in the clay and finer particles. 
Of the three most deficient elements it occurs in largest quantity and 
under ordinary systems of farm management it is the element most 
easily maintained. The stalks and stems of crops contain the larger 
part of the potassium stored within the plant and since it is this part 
that is usually returned to the soil as manure, the ordinary systems 
of grain or mixed farming remove less of it than of either nitrogen 
or phosphorus. Where the humus supply is reduced however, or 
where soils are naturally wet, it may frequently be deficient in avail-
able form. This is also true of the stony soils of the Ozark Region 
where the total supply is more or less deficient. On such soils the 
application of potash fertilizers will bring good return. 
Potassium in connection with phosphorus has the property of 
improving the quality of grain when it is present in large amounts 
in available form. Consequently its application on soils needing it 
serves to improve the quality of corn, wheat and oats very materially 
as well as to increase the yield. The best agricultural lands of the 
state will rarely give sufficient return from the application of potas-
sium to pay unless they are badly worn. 
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THE LIME SUPPLY. 
A large supply of lime in a soil is necessary for the highest pro-
ductiveness. The form in which it should occur is that of lime car-
bonate which has the function of keeping the soil sweet and of favoring 
the growth of beneficial bacteria. Soils which are inclined to be wet, 
those which are high lying and which have been sUbjected to excessive 
leaching, and those which have been farmed for a great number of 
years are usually deficient in this lime 'carbonate. Consequently, it is 
necessary on such soils to provide this lime if the greatest returns are to 
be secured. Fortunately the larger part of Missouri soils is still well 
supplied with this element, although there are considerable areas of 
level wet prairie and of soils occupying certain of the Ozark ridge lands 
where lime is needed. 
The kind of lime to use is ordinarily that which is cheapest. In 
some cases, this may be air-slacked lime, in some cases the burned 
lime slacked to a powder as is commonly used in the Eastern States, 
but in Missouri, the cheapest form under most conditions is the finely 
ground limestone rock. This material is almost pure calcium carbon-
ate and it can be secured of several companies in Missouri at approx-
imately one dollar per ton in carlots at the crusher. 1 
Lime is best applied after the land is broken for a crop, prefer-
ably corn, scattering with a special lime distributer or even with an 
endgate seeder at the rate of one to two tons per acre, and allowing 
the after preparation of the land to work it into the soi1.2 
It should be thoroughly worked into the plow soil rather than 
plowed under or scattered on top the soil. Such an application is 
necessary as a rule only once in six or eight years and it is better to 
apply it heavily in this way at rather infrequent intervals than to 
apply it more often in smaller amounts. 
1 The following companies are supplying this ground limestone for 
agricultural purposes: 
Crystal Carbonate Lime Co., Elsberry, Mo. 
Carthage Superior Crushed Limestone Co., Carthage, Mo. 
Breckenridge Stone Co., Breckenridge, Mo. 
2Lime Distributers are manufactured by the following companies: 
Peoria Drill 09., Peoria, Ill. 
America'n Seeding Machine Co., Springfield, Ohio. 
King Weeder Co., Richmond, Va. 
Empire Drill Co., Shortsville, N. Y. 
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THE USE OF COMMERCIAL FERTILIZERS. 
A commercial fertilizer is a concentrated form of one or more 
of the plant foods-nitrogen, phosphorus, potassium-in a more or 
less soluble form, which is applied to land to increase the amount of 
available plant food in the soil. Its profitable use is as a rule limited 
to those soils in which sufficient available plant food is lacking for 
the production of large crops. To use fertilizers with profit, too, it 
is necessary to know something of the plant foods most needed in 
available form in the soil and then to use the fertilizer which will 
supply these elements in proper amounts. Thousands of dollars are 
annnally wasted on fertilizers in the United States because the farmer 
does not thoroughly understand his soil and because he has not given 
the matter of fertilizers sufficient study. Unfortunately, this problem 
of determining the fertilizer requirements of a soil is not an easy one 
to solve. As has already been shown it is only practical in soil anal-
ysis to show the total amount of plant food present in a soil and not 
the available amount, and since this available supply varies in amount 
from year to year, the same fertilizer may not bring exactly the same 
return on different seasons. Moreover, since crops differ in their plant 
food requirements one must not only take the soil into consideration 
but also the crop which is to be fertilized. Fortunately the total 
amount of plant food bears a fairly close relation to the amount that 
will be made available in the average season so that the analysis may 
after all, serve as a general guide to the application of fertilizers, 
especially when one also understands the fertilizer requirements of the 
various crops. The limitations of the analysis lies in the impractica-
bility of determining the exact kind and amount of fertilizer to use 
to bring the most remunerative return when the cost of the fertilizer 
is taken into account. These finer distinctions must ever be left to 
actual field experiments, or to the farmer himself to work out by prac-
tice and experience. General rules can, however, be given which will 
have a very wide application. 
It has already been shown that the most important deficiencies 
in Missouri soils are nitrogen and phosphorus and with the deficient 
nitrogen supply there is included a deficiency in humus. Conse-
quently, as would be expected, the application of nitrogen and phos-
phorus will almost invariab1y give an increased yield. The cost of 
nitrogen is, however, from IS to 18 cents per pound and this usually 
prohibits its wide use for general farm crops in a remunerative way. 
Since this element can be supplied much more cheaply through the 
growing of nitrogen fixing crops, the legumes, it will be more re-
munerative for the general farmer and the stock farmer to supply 
it in this way rather than through the commercial forms. The truck 
36 MISSOURI AGRICULTURAL EXPERIMENT STATION, CIRCULAR 38. 
farmer, however, who secures a very large gross return per acre can 
use it with profit. 
Taking Missouri as a whole, the use of commercial phosphates 
is the most generally profitable fertilizer application. In what forms 
these may be most profitably applied will depend upon various factors. 
Potash fertilizers may also be used with profit on certain soils or crops 
but their profitable use will not be general. 
THE COMPOSITION OF COMMERCIAL FERTILIZERS. 
The fertilizer brands that are commonly sold on the market 
consist of a combination of all three of the common fertilizer elements, 
and are known as "complete fertilizers." They are sold under such 
names as "Grain Growers," "Truck Fertilizers," "Ammoniated Bone 
and Potash," etc., and frequently bear such brand names as "Big 
Three," "Boars Head," "Ox Brand," etc. Since fertilizers are us-
ually used on worn land which to a greater or less degree lacks all the 
elements of fertility in available form, these complete fertilizers are 
the ones which give most immediate returns and the fertilizer com-
panies find the widest sale for this sort. This does not necessarily 
mean that such fertilizers are the most profitable for the man who 
is fanning his land most carefully but rather for the man who must 
have immediate returns. There is also a wide sale of fertilizers con-
taining the two elements of fertility, nitrogen and phosphorus, which 
come on the market usually in the form of bone meals from the 
slaughter houses. These have a large sale because of their abundance 
and because they supply the two elements most needed by Missouri 
lands. 
Attention is called to the fact that the analysis of fertilizers as 
sold in Missouri is given in the form of nitrogen, of phosphoric oxide 
and of potash. Nitrogen is sometimes spoken of in the form of "am-
monia" that is, a compound of nitrogen and hydrogen, one part of 
the former to three of the latter. (N Hs) A fertilizer containing 
ro% of arrimonia would contain 2'00 pounds of ammonia per ton, but 
ammonia contains but 82% nitrogen, so that a ton of this fertilizer 
would contain but 164 pounds of actual nitrogen. Phosphoric oxide. 
frequently referred to as phosphoric acid, is a compound of the ele-
ment phosphorus with oxygen, two parts of the former to five of the 
latter (P20 5 ). This means that a fertilizer in which the analysis shows 
ro% P 200 would contain 200 pounds per ton of this compound and 
Slllce the phosphorus forms but 43% by weight of P20~ the amount 
of actual phosphorus per ton would be but 86 pounds. In the same 
manner a fertilizer containing 10% of potash, a compound of potas-
sium and oxygen, two parts of the former to one of the latter (K20), 
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would contain 200 pounds of this compound per ton, and since potas-
sium forms but 83% of potash (K20), there would be but 166 pounds 
of actual potassium per ton. 
It is much simpler to speak of the elements than of the compounds 
in soils, hence their use in this circular. It is necessary, however, to 
understand the relation between these elements and their compounds 
since fertilizer analyses are usually given in the form of the com-
pound. 
GENERAL RECOMMENDATIONS REGARDING 
THE USE OF FERTILIZERS. 
Fertilizers are best applied with a fertilizer drill or other dis-
tributer which will distribute them evenly in the soil. For a small 
grain, a fertilizer grain drill must be used for best results. Where 
they are applied in the hill or drill as for corn, a special device must 
be used on the planter if best results are secured. They can be broad-
casted either by hand or otherwise, but this, with the exception of 
certain cheap phosphates as rock phosphate, is not desirable. It will 
pay every man who makes a practice of using fertilizers to provide the 
proper implements for their distribution. 
FERTILIZERS FOR WHEAT. 
On badly worn lands the most remunerative fertilizer application 
for wheat will usually be one of the complete fertilizers containing 
fron1 1,% to 2,% % nitrogen, from 8 to 12% available phosphoric acid 
and from 2 to 3 % potash applied with a fertilizer drill at the rate 
of 100 to ISO pounds per acre at the time the wheat is sown. On 
lands that have been fairly well kept up in humus by crop rotation, 
manuring and legume growing the application of 125 to ISO pounds 
of a good grade of steamed bone meal will be better practice. Such 
a bone meal will contain approximately I1A, % nitrogen and from 28 to 
30% phosphoric acid, about one-half of which is available. The raw 
bone meal will also give good returns but it contains from 2,% to 4% 
nitrogen which is more than one can afford to apply if the nitrogen 
has been maintained by proper systems of farming. The use of ISO 
to 200 pounds of acid phosphate on such lands will also be very re-
munerative. This acid phosphate contains from 14 to 16% phosphoric 
acid, practically all of which is available and its cost is around $17.00 
per ton while the steamed bone costs about $25.00 and the raw bone 
about $28.00 per ton. The acid phosphate has a tendency to cause the 
land to become sour with continued use and especially on lands where 
lime is already beginning to be needed its long continued use is not 
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so desirabl e as that of the bone meal s. The bone meals also have a 
more lasting effect du e to the large amount of phosphol'L1s which they 
contain in a more or less insoluble form and their use is to be recom-
mended in preference to the acid phosphate. 
Cut 5. Effect of soil treatment on wbeat at tbe Lamar Soil Experiment 
Field. The plot on tbe right received no treatment and yielded 
twelve bushels per acre. The plot on the left received cowpea-
phosphol'us-potassium-lime treatment and yielded twentysix pel' acre. 
bushels 
These general recommendations regarding wheat fertilization will 
apply to most of the lands of medium and poor fertility in Missouri 
where wheat is grown. 
FERTILIZERS FOR CORN_ 
The most immediately profitable method of using commercial 
fertilizers for corn on medium to poor lands is that of applying from 
60 to 75 pounds of a complete fertilizer containing from 10 to 200/0 
nitrogen, from 8 to 12% available phosphoric acid and from 2 to 3% 
potash, in the hill or drill with a fertilizer attachmen t to a corn planter. 
Steamed bone meal applied at the same rate especially on th e lands 
particularly low in phosphates will give practically the same return . 
Care must be taken to avoid applying quanti ties much in excess of 75 
pounds since in a dry season particularly, there is considerable danger 
of "firing" the corn. This is especially true where the complete fer-
tilizer is used . It must be understood that such a method of fertil-
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ization does not tend to build up th e land. Its office is more on the 
order of a stimulant to g ive the corn a quick thrifty g rowth and it 
cannot be repeated year after year on the same land without ultimate 
injury. 
Another method of using fertilizers on corn is to distribute it 
with a ferti li zer grain drill ahead of the planter. This method gives 
particularly valuable returns on very poor land but is not so remuner-
a tive on land of m e(lium fertility. The fe rtili ze r to use in thi s case 
will vary with the character and the thinn ess of the land but for 
the thinn est lands ISO to 200 pounds of a complete fertilizer, such as 
has been recommended for wheat, or on land s somewhat better, the 
same amount of steamed bone meal, is to be recomll1ended . On lands 
of medium fertility such an appli cation is not so remun erat ive on the 
Cut 6. Effect of soil t reatment on corn at the Lamar Soil Experiment 
Field. The plot on the left received no ' treatment and yielded 
19.3 bushels per acre. Tlte plot all t he right received cowpea-
phosphorus-potassium-lime treatment and y ielded 45 bushels pel' 
acre. 
corn itself although where th e bone is used, the benefit to crops fol-
lowing is important. On certain of the level prairie lands and thin 
uplands where phosphates are particularly deficient, this applica tion 
of bone meal is quite remunerative. 
The use of r aw rock phosphate has been. quite generally recoll1-
mended in some of the states eas t and south for its beneficial effect 
on all crops where the soil is particularly low in phosphorus. Its 
present use in Missouri is, however, somewhat limited. This phos-
phate is an insoluble form of phosphorus but where very finely ground 
40 MISSOURI AGRICULTURAL EXPERIMENT STATION, CIRCULAR 38. 
and applied in connection with decaying humus which tends to make it 
available, its use may be quite remunerative. It is a cheap phosphate, 
because of its insolubility, costing from $8.00 to $ro.oo per ton in car-
lots in Missouri and containing from 28 to 30% phosphoric acid, or 
about the same as the steamed bone meal. It can, therefore, be ap-
plied rather heavily at the same cost as the usual application of the 
more expensive phosphates. It is usually applied at the rate of 500 
to I,OOO pounds per acre once in three to six years, depending upon 
the rotation. It is best put on broadcast with a special phosphate 
scatterer with manure or sod, turning it under for corn as a rule. It 
may also be scattered on the manure in the lot or stable and applied 
with the manure in the spreader. 
Rock phosphate is rather a slow acting phosphate at the best, and 
is therefore not adapted to the man who must have immediate returns. 
It is best adapted to the permanent farmer who handles his land so 
as to maintain the humus supply and who can apply this phosphate 
in connection with large amounts of humus material such as manure, 
sod or green manuring crops. 
FERTILIZERS FOR GRASS AND OLOVER. 
The use of fertilizers on grasses and clovers as a top dressing is 
not as a rule profitable under the conditions existing in Missouri, but 
their use at the time of seeding is frequently very profitable. This 
is particularly true of most soils where grasses and clovers usually fail 
to catch and it is also true of most soils strikingly deficient in phos-
phates. Since grasses and clovers are usually seeded with a small 
grain as a nurse crop the application of the fertilizer is made at the 
time of sowing this small grain, and as already indicated, its use 
may be very remunerative on the small grain itself, but as a rule the 
effect on the clover and grass crop following is as great or fre-
quently greater. For instance, 'the application of the bone meal, acid 
phosphate, or the complete fertilizer to wheat as mentioned above will 
greatly benefit the grass and clover following, giving a thicker stand 
and a greater yield. Where clover or grass is sown without a nurse 
crop on worn land the application of lOO to ISO pounds per acre of 
steamed bone meal or of a complete fertilizer is to be recommended, 
drilling in before or at the time the grass is seeded. 
FERTILIZERS FOR OATS. 
On average lands the use of fertilizers on oats rarely pays in 
the return from the oat crop itself but where grass or clover is sown 
with it, the application will pay on these crops. The return on the 
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oats will usually pay for the fertilizer and that from the grass and 
clover will be profit. Phosphates such as the steamed bone meal are 
the forms to be recommended. 
FERTILIZERS FOR POTATOES. 
The potato crop is one requiring a large amount of readily soluble 
plant foad particularly of potash for best returns. Consequently, on 
lands of only medium fertility, even where the soil contains a consid-
erable quantity of total potash, the use of a fertilizer containing a 
large percentage of this element, together with a moderate amount of 
phosphates and nitrogen, will pay well. In fact such fertilization on 
the bulk of Missouri soils wiII bring good returns on this crop. The 
fertilizer most generally successful wiII be one containing from I0 
to 2;~ % nitrogen, from 8 to IO% available phosphoric acid and 
from 8 to ro% potash. This may be applied either in the row or 
over the entire area of ground whichever is most convenient. Where 
applied in the row it may be scattered either by hand or with a 
fertilizer distributer at the rate of 400 to 500 pounds per acre and 
it is best to work it into the furrow with a plow before planting 
the potatoes. Where applied over the whole area it should prefer-
ably be put in with a fertilizer grain drill at the rate of 500 to 600 
pounds per acre, although larger amounts may be profitably used on 
thinner soils. 
Where the land has been previously manured with barnyard 
manure the nitrogen may be omitted in the fertilizer and an applica-
tion of about half the amounts . recommended above of a fertilizer con-
taining 8 to w% available phosphoric acid and 8 to IO% potash may 
be used. The phosphates may also be omitted on soils fairly well sup-
plied with this element and potash alone added. In this case the sul-
phate of potash should be used at the rate of lOO pounds per acre 
in the row, or 125 to ISO pounds per acre over the entire area. 
A CAUTION REGARDING THE USE OF COMMERCIAL 
FERTILIZERS. 
There is a great tendency where the use of fertilizers is begun 
to continue their use year after year on the same land without 
adopting other means of maintaining productiveness. A man finds 
that fertilizer will bring a good return and he will keep using it year 
J.fter year without crop rotation growing one grain crop after another. 
Such a use of fertilizers is disastrous if continued, because under such 
a system the humus is rapidly exhausted in the soil with the result 
that the sOlI becomes compact, loses its friable condition and the 
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yields decrease in spite of the fertilizer. Fertilizers alone will not 
maintain soil fertility. They should be used rather as an adjunct to 
the best systems of maintaining fertility that can be practiced. Used 
in this way there will be no injury to the soil and if intelligently ap-
plied there will be very good profits. 
The only man who can afford to use fertilizers on grain crops 
year after year on the same land is the renter or temporary farmer 
who cares nothing for the future of the soil. To be sure it requires 
a number of years of such continued use before the effects become 
apparent and it may be justifiable for a man who is just beginning 
and who must meet his payments on the land to practice such a sys-
tem for a few years but it should not be continued long. The only 
proper use of commercial fertilizers is in connection with the best sys-
tem of crop rotation, of legume growing and of humus building that a 
man can practice. 
SOIL MANAGEMENT. 
There are various systems of farming adapted to Missouri con-
ditions but the fundamental principles of maintaining soil fertility 
are very similar in all of them. The methods of applying these prin-
ciples vary widely however, and it remains for the individual farmer 
to work out the system which best fits his conditions. Naturally much 
depends, not only upon the system of farming but upon the soil itself. 
LIVESTOCK FARMING. 
For the best results in livestock farming a rotation should be 
adopted which will make as wide use as possible of legumes, such as 
clover and cowpeas, all of which should be fed back, or in some 
instances they should be turned under. J u.st what the rotation shall 
be will d.epencl upon the soil, the kind of stock kept, an.d upon several 
other factors, but as an example, where a soil is to be built up rapidly 
a rotation such as corn, cowpeas, wheat, clover, each one year has 
a rather wide adaptation in Missouri. In this rotation cowpeas may 
also be seeded in the corn at the last cultivation. using a one-horse 
drill for the purpose and frequently this may answer for the last cul-
tivation. These peas may either be pastured out with sheep or with 
hogs or they may simply be allowed to fall down to add humus and 
nitrogen. Ordinarily, it will be found more economical,. however, to 
pasture them. Another plan is to sow these peas in the row with the 
corn. In this case, a fairly early variety of corn sho11ld be used 
and the planting postponed until the ground is well warmed, usually 
the middle of May in Central Missouri. There are now on the 
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market, special pea planting attachments for corn planters which are 
very successful. Where peas are planted in the row in this way a vin-
ing variety like the Clay or the Black should be used which will climb 
the stalks and all may be harvested together with a corn harvester. 
If the Vvhippoorwill or New Era peas are used which make consid-
erable seed a good practice is to hog down both corn and peas at least 
on a part of the area. Such a plan is one of the cheapest ones for 
making pork and the effect upon the soil is very beneficial. 
Where the corn is cut, rye or winter barley may be sown for 
a winter cover and a winter and spring pasture. This may be pas-
tured up until the first of May when it may be plowed and the land 
sown to the regular crop of cowpeas for the second year's crop which 
may be cut for hay and the land seeded to wheat without replowing, 
a disk or spring tooth and a drag-harrow being all that is necessary for 
putting it in condition for wheat seeding. On some lands the peas 
may leave the land too loose for wheat and a roller may also be neces-
sary. 
The third year the land is in wheat, with clover seeded in the 
spring and the fourth year it is in a regular crop of clover. Such a 
system will keep a legume on the land practically all of the time in 
addition to two regular grain crops being secured and it will also give 
two regular legume crops for hay. The second crop of clover may be 
pastured or allowed to fall down to add humus and nitrogen to the 
soil. 
This is an example of what would be termed a constructive 
system of cropping and it is one of many such plans that may be 
adopted for a stock farm where the soil is to be built up and main-
tained in humus. But even such a system while it will maintain or 
even build up the humus supply will not absolutely maintain the 
phosphorus supply. The bones of the animals sold and the wheat 
grain that is removed from the farm both carry off considerable quan-
tities of phosphorus. The same is true of practically all livestock 
systems, so that if one is to adopt a permanent system that will main-
tain the phosphorus absolutely, it will be necessary even where prac-
tically all crops are fed to bring back to the land the equivalent of 
the phosphorus unavoidably sold from the place. This may be done 
through 1:he application of commercial phosphates as already men-
tioned or by buying feed and returning to the land the manure produced 
by feeding it. This view of maintaining absolutely the entire amount 
of plant food in the soil is an extreme one to most farmers and for 
the present on average Missouri land it is of little immediate im-
portance. The phosphorus that is lost where a livestock system is 
followed is rather small as compared with the total amount occurring 
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in the soil, so that it will take a good many years on the average 
soil before this loss of phosphorus will be strongly felt. Sooner or 
later, however, it will be necessary to supply the element phosphorus 
particularly, if our soils are to remain permanently fertile. 
In the case of the grain farmer the loss of plant food, especially 
of nitrogen and phosphorus, is much larger than in the case of the 
livestock farmer and consequently the drain upon the soil will be felt 
much sooner, even where the supply of organic matter is maintained 
by the turning under of legume crops. For grain farmers, therefore, 
the return of phosphates is of greater importance. It must be under-
stood, that the above statements regarding phosphates take it for 
granted that the humus supply is to be maintained, while on most 
Missouri lands it is deficient. With a deficient supply of humus the 
application of phosphates on soils low in phosphorus will almost al-
ways be remunerative. 
THE USE OF MANURE. 
The Missouri farmer should appreciate more fully the value 
of manure and of proper methods of handling it. He should figure it as 
worth at least two dollars per ton and he should get that amount, or 
in many cases much more than that out of it by proper handling. 
Just how it shall be handled will depend upon conditions. The best 
method where cattle are fed in barns, sheds or lots, is to haul the 
manure to the fields day by day or week by week as it is made. 
There is the least loss in handling it in this way, although this plan 
is not always feasible. The next best plan is to feed under an open 
shed where the manure may accumulate and where it will be kept 
tramped down compactly by the animals. Under such a plan it will 
be kept sufficiently compact and moist to prevent rapid fermentation, 
and next to hauling to the fields as made, this is the plan which gives 
the least loss of fertilizing constituents. One of the cheapest plans 
is to feed directly back on the fields but too often in this case the 
feeding is done on some hillside where washing and leaching carries 
away the larger part of the fertilizing constituents contained 9r the 
cattle are fed in some shelterecl wood lot where the manure IS lost 
to the fields. 
In this connection it should be said that a manure spreader will 
pay on the average farm of IOO acres or over, and where much stock 
is kept it will pay handsome returns on farms of much smaller size. 
Most men think that the value of a manure spreader lies in the saving 
of labor, and while this is an important reason for its use, it is not the 
only one. A reason that is as important, or even more important, 
is the fact that manure put on evenly and rather lightly over a large 
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area will give larger returns per ton of manure applied than the same 
manure put on heavily and irregularly over a smaller area. This dif-
ference in return will frequently pay for the spreader in a single 
season. There is one other reason why a man should own a spreader 
and this is that when he has his money invested in such an imple-
ment he will almost invariably take better care of the manure his 
farm produces. 
GRAIN FARMING. 
It is possible for a man to maintain the fertility of the soil under 
a system of grain farming, but it is not usually so easily done as 
where a system of livestock farming is followed. In this case it will 
be necessary to grow legume crops frequently, to be plowed uncler 
for maintaining- the nitrogen and humus and sooner or later it will 
be necessary to bring in phosphates from outside sources to maintain 
the soil's productiveness. The legumes used will usually be cowpeas 
and clover. Cowpeas can be used very well as a catch crop between 
the grain crops such as in the corn or after wheat in Central and 
South Missouri. Clover may be grown and one crop harvested, the 
second being turned under. On a farm devoted purely to grain, 
the first crop may be cut and allowed to fall down, then the second 
crop harvested for seed. Natnrally, such a system of farming is 
adapted only to the man who will give the matter close study, if the 
fertility is to be maintained, and it is adapted mainly to the better 
lands of the state where grain farming has always been profitable. 
A suggested rotation for such a grain farm would be one of 
corn two years, with cowpeas sown at the last cultivation each year, 
followed by oats, wheat and clover each one year. It will be neces-
sary to plow the second crop of clover under in this system as well 
as the two cowpea crops in the corn to maintain the nitrogen and 
humus; or the first crop of clover could be cut and left on the 
ground, cutting the second crop for seed as suggested above. Where 
good crops of cowpeas were secured in the corn and where the clover 
made a good growth, such a system would be permanently profitable 
on the best grain lands of the state, especially where the supply of 
phosphorus was maintained by applying it in commercial form. This 
is merely a suggested system. Many others might be profitably fol-
lowed. The essentials to any grain growing system are, however, the 
systematic rotation of crops, the use of sufficient legumes to be turned 
under to maintain the nitrogen and humus and the return of com-
mercial phosphates to compensate for the loss of this element. Po-
tassium in most Missouri soils is sufficiently abundant to allow one to 
disregard the necessity of its return at least for many years where the 
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humus supply is maintained. The Missouri Experiment Station rec-
ognizes the difficulties of maintaining soil fertility under a system of 
exclusive grain farming and does not generally recommend it. 
MIXED FARMING. 
The average man finds mixed farming most suited to his liking. 
Consequently the majority of men will continue to be mixed or gen-
eral farmers. That is, they will grow some crops for sale and some 
for feed, or what is more common, they will feed or sell this or that 
crop whichever offers at the time the greatest net return. Such a 
system of farming may be made not only profitable but the fertility of 
the soil may readily be maintained if proper precautions are followed. 
It may of course tend toward livestock farming as a man feeds more, 
or towards grain farming as he feeds less and there is no sharp line 
of distinction between the systems. The rotation will, therefore, vary 
widely, depending upon the amount and kind of animals kept, ·the 
soil, etc. An example of a rotation for such a system of farming 
would be one of corn, corn, oats; clover and timothy two years. If 
cowpeas were sown in the corn both years, to be pastured out with 
sheep or hogs, if the grass land was pastured the second year, and if 
one-third the corn and one-half the oats were sold, the rest of the 
crops being fed on the place, the rotation would be a fairly perma-
nent one, especially where sufficient commercial phosphorus was ap-
plied to prevent the loss of this element. 
It must be understood that in any system of farming it is not 
always possible for a man to establish a definite rotation at once, 
nor is it always possible to maintain it absolutely without variation, 
since the failure of a certain crop will frequently necessitate the sub-
stitution of another at least for the year, but where this occurs a 
similar crop should be substituted if possible so as not to interfere 
seriously with the rotation. For instance, where clover fails, cow-
peas should be substituted the immediate year, then continue the 
regular rotation. Where wheat fails, oats may be substituted with-
out seriously disarranging the plan of cropping. 
Another consideration is that a man will usually not give all his 
land up to a single rotation. He will find it more convenient and 
profitable as a rule to have two or even three general systems. He 
will at least have one general rotation and another secondary one. 
For instance he may have a rotation of corn, oats, wheat, clover, on 
his main fields and then he h1ay have a series of smaller fields with 
some such rotation as corn and rye, cowpeas or soybeans, rape and 
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'Oats, all of which shall be pastured with hogs or sheep each year. 
An accessory or secondary rotation of this sort can be made exceed-
ingly profitable on the average farm. 
A SUGGESTED SYSTEM OF CROPPING FOR AVERAGE 
SOILS IN MISSOURI. 
Since the average farmer in Missouri will usually conduct a mixed 
farm or one tending toward stock farming the following suggested 
system should be of interest as one which is quite widely applicable 
although necessarily not universally so. The plan may also be applied 
to other systems of cropping and of farm management with proper 
modifications. 
Assume a rotation of corn, cowpeas, wheat, clover for a main 
rotation and for a series of smaller fields one of corn and rye, cow-
peas or soybeans, rape and oats, each one year, the latter to be used 
as hog pasture as mentioned under the head of mixed farming. In 
the main rotation cowpeas may be seeded either with the corn or in 
the corn at the last cultivation to be pastured out with hogs or sheep. 
If a winter and spring pasture is desired the cowpeas may be omitted 
in the corn and, instead, rye may be seeded between the rows in 
August with a one-horse drill. This rye may be pastured during the 
winter and spring and the land plowed for cowpeas in April or early 
May. After the cowpeas are cut for hay, disk up the land, drag-harrow 
and seed to wheat, using with it 125 to ISO pounds per acre of steamed 
bone meal, applying with a fertilizer drill. Sow clover in the spring 
on the wheat land, pasture the stubble that fall and harvest a regular 
hay and seed crop the next year. Feed back the corn, the clover hay 
and cowpe~~ "~ach year, returning the manure to the clover stubble, 
to be plowed for corn. With the manure apply 500 to 800 pounds 
of raw rock phosphate per acre. This raw rock phosphate should 
be finely ground and may either be scattered on the manure in the 
lot or stable or it may be scattered with a special phosphate distrib-
uter on the sod either before or after the manure has been applied. 
It is possible by such a system, especially where the corn is cut up 
and the fodder fed either shredded or whole to apply to each acre of 
land that is to be planted to corn each season, from 5 to 6 tons of 
manure where handled with a spreader. 
Under such a system the wheat is sold from the land as well 
as the greater part of the clover seed. Where land is rather low in 
humus it will be best to pasture or to turn uncler the second crop of 
clover instead of cutting for seed. The rest of the crops are fed. 
This may seem to the average man too small an amount of corn but 
where hogs are fattened partly on forage crops in the secondary ro-
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tation the amount of corn necessary is very much less. The crops sug-
gested will follow each other in a regular order so as to provide hog 
pasture almost continuously throughout the summer and fall. Where 
many cattle are kept it may be necessary to insert another year of 
corn in the general rotation making it one of corn, corn, cowpeas, 
wheat, clover. In this case, cowpeas should be grown in the corn 
at least the first season while rye may be seeded the second year. 
On most soils in Missouri such a system will not only maintain the 
humus (especially where the second clover crop is fed or turned un-
der), but it will actually build up the phosphorus supply. Some such 
plan for the general farmer or the livestock farmer offers a great deal 
for profit as well as for soil maintenance. The rotation may be varied 
to suit conditions, many men preferring mixed hay to clover and cow-
peas alone, growing mixed clover and timothy two years instead of 
one year of clover, but where the general principles of humus and 
phosphorus maintenance are followed, the soil will be kept fertile. It 
remains for the individual farmer to adapt some such system to his 
conditions. 
